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@ Power supply system. 

@ A power supply system comprises plural con- 
verters being connected in parallel. Each of the 
current of plural converters is detected and each of 
the converters is controlled so as to match each of 
the converters to a maximum current value from 
among the detected current values. In the parallel 
operation converters, when some converter having 
an output current of zero by an accident is included, 
the remaining converters be partially charged equal- 
ly a load current. Since a common bus is arranged 
between plural converters and plural loads, it is 
possible to carry out a redundant operation having a 
high reliability. Since a stable output can be obtained 
without affects by the fault converter, the power 
supply system having the redundancy and the high 
reliability can be attained. 
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Background of the Invention: 

The present invention relates to a power sup- , 
ply system for supplying the electric power to a 
load through plural converters which are formed 
with a parallel operation arrangenient. 

The present invention relates to a power sup- 
ply system for supplying the electric power to a 
load or plural loads through plural AC/DC parallel 
operation arrangement converters for converting 
the alternative current to the direct current having a 
predetermined voltage or plural DC/DC parallel op- 
eration arrangement converters for converting the 
direct current to the other direct current having a 
predetermined voltage. 

A construction of a conventional power supply 
system having parallel operation arrangement con- 
verters is disclosed in. for examples, Japanese 
patent laid-open publication No. 270743/1989, Jap- 
anese patent laid-open publication No. 27415/1976. 
and/or Japanese patent laid-open publication No. 
140632/1988. 

Further, an improvement construction for a 
power factor of an alternative" current side being an 
input of a respective converter in a conventional 
power supply systeni is disclosed in, for example, 
Japanese patent laid-open publication No. 
31371/1987. 

In the above-stated prior power supply system 
techniques, the parallel operation arrangement of 
the DC/DC converters itself and the parallel opera- 
tion arrangement of the DC/DC converters having a 
redundancy are disclosed. However, there is no 
consideration about countermeasures for a case of 
a failure of some DC/DC converter among the 
plural DC/DC converters and further there is no 
examination of an aspect in the reliability of the 
power supply system. 

Besides, a technical report of lEICE (the In- 
stitute of Electronics, Information and Communica- 
tion Engineers) PE 92-47, p.p. 23-29 (1992/11) 
"Control Scheme for Parallel Operation Control of 
DC/DC Converters" describes that both an average 
current control method and an overflow method in 
the parallel operation arrangement DC/DC convert- 
ers have been performed commonly. 

In the above stated technical report, two kinds 
of the current balance ia current partial charge) 
controls of the parallel operation arrangement con- 
verters are disclosed. One of the current balance 
control is the average current control method, in 
this method the current value of each converter Is 
detected and the cunent value of the respective 
converter is matched with an average current value 
of these detected current values. 

Besides, another of the current balance control 
is the overflow method, in this method each of the 



Operation arrangement. 

However, in the above stated fonmer average 
cun-ent control method, when some converter gets 
out of order (the failure generation in some con- 

5 verter), since an output current value of the some 
converter becomes zero, an average current value 
of all converter becomes low. However, since the 
current value of each converter becomes low, It is 
impossible to make to flow the necessary current 

10 required by a load to the converters. Essentially, it 
is necessary to increase the current to the convert- 
ers. 

So as to solve the above problems in the 
average current control method, it is desirable that 

75 by detecting the failure (fault) converter such a fault 
converter is cut off from the parallel operation 
arrangement of the converters through a switching 
means etc.. and further it is necessary to distribute 
the current of the remaining converters so as to 

20 match with the load. 

Besides, in the above stated latter overflow 
method, each converter is merely connected in the 
parallel operation arrangement, the current balance 
is limited according to a current limlter of each 

25 converter, thereby the current value is not balanced 
and accordingly the voltage fluctuation becomes 
large. 

Further, as stated in the above, the improve- 
ment circuit of the power factor at the alternative 

30 input side which is the input of the respective 
converter in the conventional power supply system 
is proposed in Japanese patent laid-open publica- 
tion No. 31371/1987. However, there is no con- 
struction in response to the plural alternative power 

35 supplies in this prior technique. 

Summary of the Invention: 

A main object of the present invention is to 

40 provide a power supply system wherein in a power 
supply system comprising plural converters being 
connected in parallel a stable output in the power 
supply system can be obtained without an affect 
by a fault converter and further a supeirior redun- 

45 dancy and a high reliability in the power supply 
system can be attained. 

A second object of the present invention is to 
provide a power supply system wherein as a power 
supply system for a magnetic disk apparatus etc. a 

50 superior redundancy and a high reliability in the 
power supply system can be attained. 

A third object of the present invention is to 
provide a power supply system wherein a power 
factor improvement circuit in the above stated pow- 

55 er supply system is simplified and a compact con- 
struction in the power isjpply system can be at- 
tained. 
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The above stated main object is attained by a 
power supply system In which a power supply 
system, which Is constituted to supply the electric 
power to a load by parallel connecting outputs of 
plural converters (electric power converters), com- 5 
prises a current detection means for detecting an 
output of. each converter, a maximum value current 
detection means for detecting a maximum value of 
the output current value among the output current 
values of the converters obtained through the cur- io 
rent detection means, and a control means for 
controlling each converter so as to match an output 
current value of each converter with the maximum 
value of the output current. 

Further, it Is attained by a power supply sys- 75 
tem in which an alternative current power supply is 
connected to a first common bus. by obtaining an 
alternative current input from the first common bus 
plural rectifying means for converting the direct 
current are arranged, the direct current output of 20 
the rectifying means is connected to a second 
common bus. by obtaining a direct current input 
from the second common bus plural DC/DC con- 
verters for converting the direct current having a 
predetermined voltage are arranged, a direct cur- 25 
rent output of the converter is connected to a third 
common bus. and through the third common bus 
the direct current output is supplied to plural loads. 

The above stated second object is attained by 
a power supply system in which a power supply 30 
system having plural converters for supplying the 
direct current electric power to plural loads such as 
a magnetic disk apparatus and a control circuit, in 
the power supply system the loads ard divided into 
plural groups, a first cluster comprises a first com- 35 
mon bus for supplying a first group, a second 
coaster for connecting plural of the first cluster, a 
second common bus for supplying commonly the 
electric power to the first cluster and the second 
cluster, plural converters are connected to the 40 
common bus, and through the classified common 
busses the electric power is given and supplied. 

The above stated third object is attained by a 
power supply system in which in a power supply 
system a power factor improvement circuit is con- 45 
stituted only one, the power factor improvement 
circuit rectifies from plural alternative current power 
supplies through each of rectifying means, each of 
a rectified output is inputted respectively in the 
power factor improvement circuit through each in- so 
ductance, the power factor improvement circuit im- 
proves the power factor of each of the alternative 
current power supply by a switching operation at a 
higher frequency than that of the alternative current 
power supply through a switching element,, and an ss 
output from the power factor improvement circuit is 
supplied to plural converters as the electric power 



According to the above stated means for attain- 
ing the main object, the output current value of 
each converter is controlled to match with the 
largest current value among the parallel operation 
arrangement converters, the current value of the 
converter having the small current increases, there- 
by the current value of the converter having the 
larger current value than the converter having the 
small current value decreases. 

Accordingly, the parallel operation arrangement 
converters are constituted to increase more than 
one number or two numbers, even some converter 
gets out of order and the output of this fault con- 
verter becomes zero, the remaining converters can 
be taken the partial charge of the current without 
the affect of the fault converter. As a result, the 
failure detection of each converter and the chang- 
ing-over switching means are not needed, thereby 
a stable current balance control in the power sup- 
ply system can be carried out. 

Further, according to the other means, since 
plural elements constituting the power supply sys- 
tem are connected by the common bus at the input 
and the output portions, when some converter gen- 
erates the failure, by making a certain relationship 
between the number of the elements and the load 
capacity (when the allowance failure number is h. 
the element number k is made to have (2 + 2h) ^ 
k ^ (8 + 2h)). the power supply equipment capac- 
ity of the power supply system can be made at a 
minimum and the redundance operation having the 
high reliability in the power supply systenn can be 
attained. 

Further, according to the above stated means 
for attaining the second object, since plural mag- 
netic disk apparatuses and plural converters for 
supplying the direct current to the magnetic disk 
apparatuses are connected through plural classified 
common buses, the redundancy and the reliability 
in the power supply system can be improved and 
the compact construction for the apparatus in all 
can attained. 

Further, according to the above stated means 
for attaining the third object, in a case that plural 
alternative power supplies are required, with only 
one power factor improvement circuit, since the 
power factor in the power supply system can be 
improved, thereby a compact apparatus can be 
obtained. 

Brief Description of the Drawings: 

Fig. 1 is a constructive view showing one em- 
bodiment of a power supply system according 
to the present invention; 

Fig. 2 is a detailed view showing a control circuit 
in the power supply system shown in Fig. 1; 
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Fig. 3 is a diagram comparing a feature of the 
present invention and tliat of prior techniques; 
Fig. 4 is a concrete constructive view showing a 
converter shown in Fig. 1 ; 

Fig. 5 is another concrete constructive view 5 
showing a converter shown in Fig. 1; 
Fig. 6 is a further concrete constructive view 
showing a converter shown in Rg. 1; 
Fig. 7 is a concrete constructive circuit view 
showing a current control shown in Fig. 5; io 
Fig. 8 is anther concrete constructive circuit 
view showing a current control shown in Fig. 6; 
Fig. 9 is a constructive view showing another 
embodiment of a power supply system accord- 
ing to the present invention; 75 
Fig. 10 is a relationship view showing one exam- 
ple of a parallel number and a capacity ratio of a 
converter; 

Fig. 11 is a relationship view showing another 
example of a parallel number and a capacity 20 
ratio of a converter; 

Fig. 12 is a constructive view showing another 
embodiment of the present invention in which a 
power supply system is installed into a magnetic 
disk apparatus: 25 
Fig. 13 is constructive view showing one exam- 
pie in which a control circuit for a magnetic disk 
apparatus in addition to a magnetic disk and 
converters shown in Fig. 7 is arranged; 
Fig. 14 is a constructive view showing a connec- 30 
tion example by a common bus comprising plu- 
ral converters and plural magnetic disk ap- 
paratuses according to the present invention; 
Fig. 15 is a constructive view showing a further 
embodiment of a power supply system accord- 35 
ing to the present invention; 
Fig. 16 is a constructive view showing a further 
embodiment of a power supply system including 
a power factor improvement circuit according to 
the present invention; 40 
Rg. 17 is a constructive view showing a further 
embodiment of a power supply system including 
a power factor improvement circuit according to 
the present invention; 

Fig. 18 is a constructive view showing a further 45 
embodiment of a power supply system including 
a power factor improvement circuit according to 
the present invention; 

Fig. 19 is a constructive view showing an exam- 
ple in which a power supply system according so 
to the present invention is adapted to an auto- 
mobile; 

Fig. 20 is a constructive view showing another 
example in which a power supply system ac- 
cording to the present invention is adapted to a 55 
computer; and 

Fig. 21 is a constructive view showing a further 
example in which a power supply system ac- 



cording to the present invention is adapted to a 
computer. 

Description of the Invention: 

Rg. 1 is a block diagram showing one embodi- 
ment of a power supply system according to the 
present invention. ADcon iridicates an AC/DC con- 
verter (a rectifying circuit) for converting the alter- 
native current from an alternative power supply 
AcS to the direct current. 

Each of elements con1-con4 is a DC/DC con- 
verter for outputting the stable direct current elec- 
tric power by receiving the direct current from the 
AC/DC converter ADcon and four converters are 
provided in parallel. The direct cunrent outputs from 
the DC/DC converters con1-con4 are given to a 
load Lo through a plus side and a minus side 
common buses Bu3 and Bu3g, Each of the DC/DC 
converters con1-con4 has respectively the same 
rate output current capacity. 

Each of the DC/DC converters conl-con4 is 
constituted of a forward type converters. A main 
circuit of this converter comprises a semiconductor 
switching element Mo, which is connected to a 
primary side of a transformer TR connected in 
series to a direct current output side of the AC/DC 
converter ADcon, a smoothing circuit comprising of 
a rectifying circuit having diodes D1 and D2 con- 
nected to a secondary side of the transfonmer TR 
and a coil L and a condenser C, and a diode DPI 
for preventing the reverse current. 

A control circuit (CONT) CCl controls the 
switching element Mo through an output signal Gsl 
according to the detection of an output voltage Vsl 
so as to make stably the detected output voltage 
Vsl at a predetermined value. 

Further, in the above control circuit CC1. a 
signal in which the output current is detected by a 
current detection means Cs and a control line CL 
are inputted for a control so as to follow the current 
of each converter according to a maximum current 
value among converters which are connected in 
parallel arangement. 

Next, the control circuit CCl will be explained 
in detail referring to Fig. 2. Rg. 2 shows a concrete 
construction of the control circuit CCl shown in 
Fig. 1 . The detection value Csl of the output cur- 
rent of the converter is inputted to one of oper- 
ational amplifiers OPI and 0P2, and at another 
input side of the operational amplifiers 0P1 and 
0P2 the control line CL is connected to. 

An output of the operattonal amplifier DPI is 
connected to the control line CL through a diode 
D3, The output of the operational amplifier OPI is 
compared with a standard voHage Rf and the con- 
verter output voltage Vsl and a difference between 
them is inputted to a PWM circuit. The output 
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signal Gsl outputted from the PWM circuit op- 
erates the semiconductor switching element Mo 
shown in Fig. 1 . 

Since each control circuit CCl-CCk of the 
DC/DC converter in the parallel operation arrange- 
ment is connected as shown in figure, in the con- 
trol line CL the largest current value among the 
plural converters appears. 

Accordingly, each converter is controlled to 
output the largest current value and at the sanne 
time since each converter suffers respectively to 
receive a voltage control the current value of the 
converter in which the largest current value has 
flown becomes low. As. a result, the current value 
of each converter is settled to flow with a balancing 
state, thereby the current balance In the parallel 
operation arrangement of the converters can be 
improved. 

Further, in a system in which the redundancy 
is given by connecting commonly the plural loads 
and the plural converters through a common bus, 
in a case in which some converter gets out of order 
it is necessary to keeping on to carry out just as it 
is the operation according to the remaining con- 
verters. 

Even in the above-stated case, according to 
the present invention, the fault converter is left just 
as it is the current value for carrying out the current 
control does not lower by the following of the 
maximum current value, and then the remaining 
converters can be partially charged to. the load 
according to the control which follows the current 
value. 

For example, in the construction shown in Fig. 
1. four DC/DC converters having a rate output 
current capacity of 5A are operated in parallel and 
they supply the current value of 15A (the partial 
charge cun-ent value of one converter is of 3.75A) 
to the load. 

Herein, on the assumption that one converter 
got out of order. In a case of no current control, the 
circuit itself constituting each converter has a com- 
parative scattering in the electric characteristic, so 
that the actual output voltage value is not always 
the same. According to this fact, in a case in which 
some converter gets out of order, the converter 
having the maximum output voltage value takes 
transitibnally the partial charge of the current value 
of 7.5A. 

However, according to the present invention, 
on other converters the. current value correspond- 
ing to the above-stated maximum cunrent value 
appears on the control line CL And on each con- 
verter, since the output voltage is controlled to 
increase In response to the current difference part 
in current value of 3.75A '(= 7.5A - 3,75A), thereby 
thft nartial charge current value of one converter is 



In the above stated embodiment of the present 
invention, four number DC/DC converters conl- 
con4 are employed in the power supply system. 
For example, each of the four number DC/DC con- 

5 verters con1-con4 has the same rate output current 
capacity of 5A. As a result, the output current 
capacity of the four number DC/DC converters 
con1-con4 has 20A in all. Besides, the output cur- 
rent capacity of the load is 15A. 

to Therefore, in the case of the embodiment, the 

power supply system is constituted that one num- 
ber converter having the rate output current capac- 
ity of 5A is added to increase in the power supply 
system. Namely, in the power supply system of 

75 this embodiment, one number converter is in- 
creased in the system. 

Further, as another embodiment of the present 
Invention, for example, five number converters can 
be employed in the power supply system. For 

20 example, each of the five number DC/DC convert- 
ers has the same rate output current capacity of 
5A. As a result, the output current capacity of the 
five number DC/DC converters has 25A In all. Be- 
sides, the output current capacity of the load is 

25 15 A. 

In addition to the above power supply system 
construction, in the case of the above another 
embodiment, the power supply system is consti- 
tuted that two number converter having the rate 

30 output current capacity of 5A are added to increase 
in the power supply system. Namely. In the power 
supply system of this another embodiment, two 
number converter are increased in the system, and 
each of DC/DC converters has the same rate out- 

35 put current capacity of 5 A. respectively. 

Next, so as . to make more cleariy the differ- 
ences between the features according to the 
present invention and the features according to the 
conventional techniques will be explained referring 

40 to Fig. 3. 

In the most simple conventional technique 
shown in an item (c) in Fig. 3, the plural power 
supplies are operated merely in parallel and a 
special control is not carried out, thereby this tech- 
45 nique is called as "the overflow method". 

In this overflow method, since the partial 
charge current becomes to have the current in 
response to an impedance of each converter, the 
current balance is not good and the large voltage 
60 fluctuation becomes large. However, on the other 
hand, when there Is enough power supply capacity, 
even the converter gets out of order the power 
supply system can be left as it is. 

Further, in the average current method accord- 
55 ing to the conventional technique shown in an item 
(b) in Fig. 3. the current value of each converter is 
'' controlled to match with the average current of all 
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However, in this average current method, in a 
case in which some converter under the parallel 
operation arrangement gets out of order, since the 
current value of the fault converter becomes zero, 
the standard value as the average current value 
becomes low. When each converter Is controlled 
by matching with this current value, the composed 
current value becomes lower and the power supply 
system can not respond the required load current. 

Accordingly, in this average current method, 
when some converter gets out of order, even the 
remaining converters have enough capacity, it can 
not carry out the normal operation. As a method for 
solving, the fault .converter is detected by a failure 
detection circuit etc., and then it is necessary to 
cut off the fault converter by a switching means 
etc.. 

According to the present invention, as ex- 
plained in Fig. 1 and Fig. 2. since the maximum 
current value of each converter is the standard 
value of the current control, even in the case in 
which some converter gets out of order, the stan- 
dard value of the current control does not become 
low. the remaining converters can be partially 
charged to the load. 

Further, in the case in which the converter gets 
out of order, the special circuit is not needed, even 
when the fault converter is left, since the remaining 
converters have enough capacity, the superior re- 
dundancy able to continue the normal operation in 
the power supply system can be obtained. 

Further, in the embodiment shown in Fig. 1, to 
the AC/DC converter for converting the alternative 
current from the alternative power supply AcS, one 
AC/DC converter ADcon supplies the direct current 
to the plural DC/DC converters. However, the 
AC/DC converter may be provided respectively at a 
front stage of each DC/DC converter. 

Rg. 4 snows a concrete construction of the 
converters con1-con4 shown in Rg. 1 of one em- 
bodiment according to the present invention, in the 
construction of the embodiment shown in Fig. 1, 
the control for the converter is carried out by the 
detection of the largeness of the smoothed direct 
current and is canied out to control by the de- 
tected direct current. 

However, so as to detect such a smoothed 
direct current, since it Is necessary to provide a 
detection means using a Hall element, there is a 
problem from an aspect of the cost. For that the 
above stated reasons, a construction using a low 
cost current detection means such a current trans- 
former will be explained. The cun'ent detection 
means Is installed between the secondary side of 
the transformer and the smoothing circuit and de- 
tects the pulsation in the current. 

This example is a forward type DC/DC con- 



connected to direct voltage terrininals Vi1 and VI2 
through a switching element Q1. Further, a gate 
side of the switching element Q1 is connected to a 
secondary side of a photo-coupler PHI -2 through 

5 the PWM control circuit CC1 . 

On the other hand, a secondary side of the 
transforrher TR is connected to the diode D1, the 
inductance L and the condenser C. Further, a diode 
D2 is connected in series to the condenser C and 

10 the inductance L. By the above-stated construction, 
by "on" and "off" operation of the switching ele- 
ment Q1, the alternative current voltage is obtained 
at the secondary side of the transformer TR. 

The obtained alternative current voltage is rec- 

15 tified and smoothed through the diodes D1 and D2, 
the inductance L and the condenser C, and then 
the direct current voltage is obtained at the both 
ends of the condenser C. So as to control this 
direct current voltage at a constant voltage, a fol- 

20 lowing voltage control circuit is constituted. 

The voltage control circuit is connected in par- 
allel to the condenser C with a series circuit com- 
prising a resistor R4, the photo-coupler PH1-1. an 
anode side and a cathode side of a three terminal 

25 regulator VCD and further is connected to a series 
circuit comprising resistors R1. R2 and R3. A con- 
necting point A of the resistors R1 and R2 is 
connected to a control terminal of the three termi- 
nal regulator VCD. 

30 Further, when the plural converters are op- 
erated in parallel and in a case in which some 
converter gets out of order, a diode 03 is provided 
so as to prevent the reverse flow of the current. 
As the above-stated construction, for example, 

35 the terminal voltage of the condenser C becomes 
low. then the voltage of the connecting point A 
between the resistors R1 and R2 also becomes 
low. Further, since the control temninal voltage of 
the three terminal regulator VCD becomes low, the 

40 current between the anode side and the cathode 
side of the three terminal regulator VCD lowers and 
thereby the current of the photo-couplers PH1-1 
and PH1-2 becomes low. 

For that the above stated reasons, the "on" 

45 and "off" duty of the output of the PWM control 
circuit CC1 increiases and the secondary voltage of 
the transformer TR works to increase, so that the 
lowering of the terminal voltage of the condenser C 
is restrained.. 

50 When the terminal voltage of the condenser C 
will arise, by the reversal operation against the 
atx)ve-stated operation, the "on" and "off" duty of 
the output of the PWM control circuit CC1 is made 
to decrease. Thereby preventing the rise in the 

55 terminal voltage of the condenser C the terrninal 
voltage is controlled to be at a constant voltage. 
In the present invention, a current control cir- 



11 



EP 0 660 487 A2 



12 



circuit by means of a following method. The current 
control circuit gives the output of a current detec- 
tion means Idc for detecting the alternative current 
of the secondary side of the- transformer TR' to a 
respective current detection circuit Cvj and a maxi- 5 
mum current detection circuit Cvm. 

The maximum current detection circuit Cvm 
has the control line CL and is connected to the 
other converters under the parallel operation ar- 
rangement. The maximum current detection circuit io 
Cvm operates to output a larger value from within 
the value obtained by the control line CL and the 
value of the current detection means Idc. 

Next, the output voltage Vj of the respective 
current detection circuit Cvj is compared with the is 
output voltage Vm of the current detection means 
Idc and they are struck the balance between them, 
and an obtained voltage result is added to a con- 
necting point B between the resistors R2 and R3 of 
the voltage control circuit. 20 

With the above stated construction, for exam- 
ple, when the current of the above-stated converter 
is smaller than those of the other converters, the 
output voltage Vm of the maximum current detec- 
tion circuit Cvm becomes larger than the output 25 
voltage Vj of the respective current detection circuit 
Cvj, as a result the voltage of the connecting point 
B between the resistors R2 and R3 of the voltage 
control circuit becomes low. 

For that above stated reasons, the voltage of 30 
the connecting point A between the resistors R1 
and R2 of the voltage control circuit is judged to 
become low. the voltage of the condenser C rises 
and the current value of the above-stated converter 
rises and approaches to the current value of the 35 
other converters, thereby the current value can be 
balanced. 

Fig. 5 is a concrete example showing the bal- 
ance circuit between the output Vj of the respective 
current detection circuit Cvj and the output Vm of 40 
the maximum current detection circuit Cvm. 

A resistor RIO is provided between the nega- 
tive polarity terminal Vo2 (the ground) of the con- 
verter and the connecting point B between the 
resistors R2 and R3, and through this resistor RIO 45 
the negative output Vm of the maximum current 
detection circuit Cvm is connected in series to an 
output Vj of the respective current detection circuit 
Cvj. Accordingly, from the negative output Vm of 
the maximum current detection circuit Cvm and the 50 
output Vj of the respective current detection circuit 
Cvj are struck the balance. 

Further, the control line CL is drawn from a 
connecting point between the maximum current 
detection circuit Cvm and the respective current 55 
detection circuit Cvj. During the parallel operation, 
through the control line CL the maximum current 



value from within the value obtained by the other 
converter and the value obtained by the current 
detection means Idc of the respective converter. 

In the above stated construction, when the re- 
spective converter output the maximum current, the 
negative output Vm of the maximum current detec- 
tion circuit Cvm is equal to the output Vj of the 
respective current detection circuit Cvj. Since the 
voltage to be added to the connection point B 
between the resistors R2 and R3 is zero, the volt- 
age control does not receive an affect of the cur- 
rent control and the voltage fluctuation does not 
occur. 

However, when the other converter output the 
maximum current, since the negative output Vm of 
the maximum current detection circuit Cvm is larg- 
er than the output Vj of the respective current 
detection circuit Cvj. the voltage to be added to the 
connection point B between the resistors R2 and 
R3 is the negative voltage. 

Thereby; the voltage control receives the affect 
of the current control and the voltage of the con- 
denser C is risen, further the current value of the 
respective converter rises and approaches to the 
current value of the other converter, thereby the 
current is balanced. 

With the above stated operation, during plural 
number parallel operation even when some con- 
verter gets out of order and the output becomes 
zero,, the fault converter having the current value of , 
zero does not affect to the current control of the 
other converters. 

Further, since the output of the converter has 
the diode D3, it is unnecessary to provide an 
apparatus in which by preventing the reverse flow 
of the current and by detecting the fault converter 
this fault converter can be cut off from the parallel 
operation arrangement through the switching 
means, as a result a simple construction converter 
can be obtained. 

Further, without the use of a high cost and 
complicated circuit such as the operational am- 
plifier etc., a simple construction circuit can be 
comprised of only the current transformer, the con- 
denser and the diode can be constituted, and a 
compact construction circuit having a simple circuit 
construction can be provided. 

By employing the above stated converters, 
since the redundant parallel operation is perfonmed 
by the plural converters having the capacity in all 
more than the capacity of the load, the redundant 
parallel operation having a high reliability can be 
attained. 

Fig. 5 is another concrete example showing a 
substraction (striking the balance) circuit of the 
output Vj of the respective current detection circuit 
Cvj and the output Vm of the maximum current 
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Between the negative polarity terminal Vo2 (the 
-.round) of the converter and the connecting point 
between the resistors R2 and R3, the negative 
output Vm of the maximum current detection circuit 
Cvj is connected in series to the output Vj of the 
respective current detection circuit Cvm through 
the resistor RIO. 

Thereby, from the negative output Vm of the 
maximum current detection circuit Cvm. the output 
Vj of the respective current detection circuit Cvj is 
struck the balance. 

Further, from the connecting point between the 
negative output Vm of the maximum current detec- 
tion circuit Cvm and the output Vj of the respective 
current detection circuit Cvj. the control line CL is 
drawn out. 

During the parallel operation, the maximum 
current detection circuit Cvm operates to output a 
larger value from within the value obtained by the 
other converter through the control line CL and the 
value obtained by the current detection means Idc 
of the respective converter. 

With the above stated construction, when the 
respective converter output the maximum current, 
since the negative output Vm of the maximum 
current detection circuit Cvm is equal to the output 
Vj of the respective cunrent detection circuit Cvj. 
the voltage being added to the connecting point B 
between the resistors R2 and R3 is zero. Accord- 
ingly, the voltage control does not receive the 
affect by the current control and the voltage fluc- 
tuation does not occur. 

However, when the other converter output the 
maximum current, since the negative output Vm of 
the maximum current detection circuit Cvm is larg- 
er than the output Vj of the respective current 
detection circuit Cvj, the voltage being added to 
the connecting point B between the resistors R2 
and R3 becomes the negative voltage. 

Accordingly, the voltage control receives the 
affect by the current control and the voltage of the 
condenser C is risen, the current value of the 
respective converter rises and approaches to the 
current value of the other converter, thereby the 
current is balanced. 

With the above stated operation, during plural 
number parallel operation even when some con- 
verter is gets out of order and the output of the 
fault converter becomes zero, the converter having 
the current value of zero does not affect to the 
current control of other converters. 

Further, since the diode D3 is provided at the 
output side of the converter, it is unnecessary to 
provide an apparatus in which by preventing the 
reverse flow of the current and by detecting the 
fault converter this fault converter can be cut off 
from the parallel operation arrangement through the 



converter is obtained. 

Further, without the use of a high cost and 
complicated construction circuit such as the oper- 
ational amplifier etc., a simple construction circuit 
5 can be comprised of only the current transformer, 
the condenser and the diode can be constituted, 
and a compact construction circuit having a simple 
construction circuit can be provided. By employing 
the above stated converters, since the redundant 
10 parallel operation is performed by the plural con- 
verters having the capacity in all more than the 
capacity of the load, the redundant parallel opera- 
tion having a high reliability can be attained. 

Rg. 6 Is another concrete example showing the 
76 substraction circuit of the output Vj of the respec- 
tive current detection circuit Cvj and the output Vm 
of the maximum current detection circuit Cvm. 

Between the negative polarity terminal Vo2 (the 
ground) of the converter and the connecting point 
20 B between the resistors R2 and R3. the negative 
output Vm of the maximum current detection circuit 
Cvm through the resistor R12 is connected in par- 
allel to the output Vj of the respective current 
detection circuit Cvj througn the resistor R11. From 
25 the negative output Vm of the maximum current 
detection circuit Cvm and the output Vj of the 
respective current detection circuit Cvj are struck 
the balance. 

Further, from the anti-ground side of the maxi- 
30 mum current detection circuit Cvm, the control line 
CL is drawn out. During the parallel operation, the 
maximum current detection circuit Cvm operates to 
output a larger value from within the value obtained 
by the other converter through the control line CL 
35 and the value obtained by the current detection 
means Idc of the respective converter. 

With the above stated construction, when the 
respective converter output the maximum cun-ent, 
since the negative output Vm of the maximum 
40 current detection circuit Cvm is equal to he output 
Vj of the respective current detection circuit Cvj, 
the voltage being added to the connecting point B 
between the resistors R2 and R3 is zero. Accord- 
ingly, the voltage control does not receive the 
45 affect by the current control and the voltage fluc- 
tuation does not occur. 

However, when the other converter output the 
maximum current, since the negative output Vm of 
the maximum current detection circuit Cvm is larg- 
50 er than the output Vj of the respective current 
detection circuit Cvj. the voltage being added to 
the connecting point B between the resistors R2 
and R3 becomes the negative voltage. Accordingly, 
the voltage control receives the affect by the cur- 
55 rent control and it operates to rise the voltage of 
the condenser C. 

Fig. 7 is a concrete example of the current 
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TR used as the current detection means Idc in Fig. 
4 and the ground GND. a primary side CT-l of the 
current transformer CT1 is connected In series. At 
one of the secondary coils CT-2 of the current 
transformer CT1, a condenser C11 and a resistor 
R1 4 are connected through a diode D11 . 

Further, the positive polarity side of the con- 
denser C1 1 is connected to the connecting point B 
through the resistor R10. In Fig. 7, the circuit 
shown by a lower area surrounded by dot lines is 
the respective current detection circuit Cvj shown 
in Fig. 5. 

Besides, at another secondary coil CT-3 of the 
current transformer CT1 a condenser CIO and a 
resister R13 are connected through a diode D10, a 
positive polarity side of the condenser C10 is con- 
nected to- the ground GND through a diode D12. 

Further, a negative polarity side of the con- 
denser CIO is connected to a negative polarity side 
of the condenser C1 1 (one of the secondary CT-2 
and CT-3 of the current transformer CT) and.further 
connected to the control line CL. The circuit shown 
by an upper area sunounded by dot lines is the 
maximum current detection circuit Cvm shown in 
Fig. 5. 

During the parallel operation, the maximum 
current detection circuit Cvm operates to output a 
larger value from within the value obtained by the 
other converter through the control line CL and the 
value obtained by the current detection means Idc 
of the respective converter. 

When the current of the transformer changes, 
the voltage proportional to this cun-ent generates at 
the secondary coils CT-2 and CT-3 of the current 
transformer CT-1. 

By rectifying and smoothing each of those volt- 
age through the respective current detection circuit 
Cvj and the maximum current detection circuit 
Cvm, the negative output Vm of the maximum 
current detection circuit Cvm and the output Vj of 
the respective current detection circuit Cvj are ob- 
tained, and the voltage obtained by striking the 
balance those voltages is added to the ground 
GND of the voltage control and the connecting 
point B. 

As explained in Fig. 5, when the respective 
converter output the maximum current, since the 
negative output Vm of the maximum current detec- 
tion circuit Cvm is equal to the output Vj of the 
respective current detection circuit Cvj, the voltage 
being added to the connecting point B between the 
resistors R2 and R3 is zero. Accordingly, the volt- 
age control does not receive the affect by the 
current control and the voltage fluctuation does not 
occur. 

However, when the other converter output the 
maximum current, since the negative output Vm of 

4x/iVvM inn ^1 



er than the output Vj of the respective current 
detection circuit Cvj; the voltage being added to 
the connecting point B between the resistors R2 
and R3 becomes the negative voltage. 

5 Accordingly, the voltage control receives the 

affect by the current control and the voltage of the 
condenser C is risen, the current value of this 
respective converter rises and approaches to the 
current value of the other converter, thereby the 

10 current is balanced. 

W\Xh the above stated operation, during plural 
number parallel operation even when some con- 
verter gets out of order and the output becomes 
zero, the fault converter having the current value of 

76 zero does not affect to the current control of the 
other converters. 

Further, since the output of the converter has 
the diode 03. it is unnecessary to provide an 
apparatus in which by preventing the reverse flow 

20 of the current and by detecting the fault converter 
this fault converter can be cut off from the parallel 
operation arrangement through the switching 
means, as a result a simple construction converter 
can be obtained. 

25 Further, without the use of a high cost and 

complicated construction circuit such as the oper- 
ational amplifier etc., a simple construction circuit 
can be comprised of only the current transformer, 
the condenser and the diode can be constituted. 

30 and a compact construction circuit having a simple 
construction circuit can be provided, especially by 
insulating using the current transformer. 

By employing the above stated converters, 
since the redundant parallel operation is performed 

35 by the plural converters having the capacity in all 
more than the capacity of the load, the redundant 
parallel operation having a high reliability can be 
attained. 

Fig. 8 is a concrete example of the current 

40 control shown in Fig. 6. Between the secondary 
side of the transformer TR and the ground GND. 
the primary side CT-1 of the current transformer 
CT1 is connected in series. The condenser C11 
and the resistor R14 are connected through the 

45 diode D11 at one of the secondary coll CT-2 of the 
current transformer CT1 . 

Further, the negative polarity side of the con- 
denser C11 Is connected to the control line CLI 
through the diode D13 and further is connected to 

so the connecting point B shown in Fig. 6 through a 
diode D12 and a resistor R11 from the positive 
polarity side of the condenser ClO. In Fig. 8, the 
circuit shown by a lower area surrounded by dot 
lines is the maximum current detection circuit Cvm 

55 shown in Fig. 6. 

The negative polarity side of the condenser 
C10 is connected to the positive polarity side which 
15; onft of the secondarv CT-2 and CT-3 of the 
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current transformer CT and is connected to the 
ground GND. 

With the above stated construction, when the 
current of the transformer changes, the voltage 
proportional to this current generates at the secon- 
dary coils CT-2 and CT-3 of the current trans- 
former CT-1 . 

By rectifying and smoothing each of those volt- 
age through the respective current detection circuit 
Cvj and the maximum current detection circuit 
Cvm. the negative output Vm of the maximum 
current detection circuit Cvm and the output Vj of 
the respective current detection circuit Cvj are ob- 
tained, and the voltage obtained by striking the 
balance those voltages is added to the ground 
GND and the connecting point B of the voltage 
control. 

As explained in Fig, 6. when the respective 
converter output the maximum current, since the 
negative output Vm of the maximum current detec- 
tion circuit Cvm is equal to the output Vj of the 
respective current detection circuit Cvj, the voltage 
being added to the connecting point B between the 
resistors R2 and R3.is zero. Accordingly, the volt- 
age control does not receive the affect by the 
current control and the voltage fluctuation does not 
occur. 

However, when the other converter output the 
maximum current, since the negative output Vm of 
the maximum current detection circuit Cvm is larg- 
er than the output Vj of the respective current 
detection circuit Cvj, the voltage being added to 
the connecting point B between the resistors R2 
and R3 becomes the negative voltage. 

Accordingly, the voltage control receives the 
affect by the current control and the voltage of the 
condenser C is risen, the current of this respective 
converter rises and approaches to the current of 
the other converter, thereby the current is bal- 
anced. 

Fig. 9 Is a block diagram showing a power 
supply system of another embodiment according to 
the present invention. 

The constructive differences in the construction 
shown in Fig. 9 compared with the above stated 
construction shown in Rg. 1 are that the AC/DC 
converter ADcon shown in Fig. 1 is constituted to 
divide by the plural rectifying circuits Rel-Re3 and 
each of the input terminals and each of the output 
terminals of the rectifying circuits Rel-Re3 are 
connected respectively to common buses Bul and 
Bu2 which are common busses for a power wiring. 

Further, an alternative current power supply 
AcS is connected to the common bus Bu1. the 
inputs of the plural EKl/DC converters Conl-Conk 
are connected to the common bus Bu2 and further 
the outputs of the DC/DC converters Conl-Conk 
and the olural loads Lol-Lom are connected to a 



common bus Bu3, 

As stated in above, in the rectifying circuits 
Re1-Re3 for constituting the power supply system, 
by using the comm.on buses Bui . Bu2 and Bu3 the 
5 rectifying circuits Re1-Re3 are divided into in plural 
number, accordingly the redundancy in the power 
supply system of this embodiment according to the 
present invention can be further improved. 

Further, in the construction of the power supply 
10 system shown in Fig. 9. when a capacity and a 
number of each load connected to the common 
bus Bu3 are expressed respectively by Wf and m. 
and a capacity and a number of the converter are 
expressed respectively by Wp and k, so as to be 
15 partially charged all loads by the converters, it can 
elect to consist a formula Wp x k ^ Wf x m. 

Herein, even when one converter gets out of 
order, in a case that an allowance failure number h 
able to operate the power supply system is 1. it 
20 can be attained by the selection to consist a for- 
mula Wp X (k-1) > Wf X m. Further, in a case that 
the allowance failure number h is 2. it can be 
attained by the selection to consist a formula Wp x 
(k-2) ^ Wf X m. 
25 Further, when a capacity and a number of the 

rectifying circuits connected to the common bus 
Bu2 are expressed respectively by Wr and a. simi- 
larly to the above the relationship between the 
rectifying circuits and the converters, so as to 
30 attain the allowance failure number h having 1. it 
can be attained by the selection to consist a for- 
mula Wrxta-1)^ Wpx k. 

Similarly to. in the relationship between three 
elements comprised of the loads, the converters 
35 and the rectifying circuits, when the allowance fail- 
ure number h of the converter and the rectifying 
unit is 1, it can be attained by the selection to 
consist a formula Wr x (a-l) ^ Wp x (k-1) ^ Wf x 
m. 

40 Rg. 10 is a view showing a relationship in 
which a parallel number k of the converters and a 
capacity ratio P of an equipment capacity (Wp x k) 
of the all converters with all loads (Wf x m), in case 
of the allowance failure number h = 1. 

45 When the parallel number is 2. the capacity 
ratio P becomes two times of all loads, the parallel 
number k becomes large, it can be dispensed with 
the small capacity ratio P. Further, since an equip- 
ment cost H of the converter is proportional to the 

50 equipment ratio P and at the same time is propor- 
tional to the number of the converters, a curve line 
shown in figure can be obtained. Judging from this 
figure, the most economic parallel number k is 4- 
10. 

55 Similarly to. as shown in Rg. 11, in a case of 

the allowance failure number h = 2, the relation- 
ship in which the parallel number k of the converter 
and the caoacitv ratio P of the eauioment caoacitv 
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(Wp X k) of the all converters with all loads (Wf x 
m) is shown in Fig. 11. Thereby, the most eco- 
nomic parallel number k is 6-12. 

Judging from the above facts, when the al- 
lowance failure number is h. it is included within a 
range of a formula (2 + 2h) ^ k ^ (8 + 2h). When 
the parallel number of the converters is elected as 
stated in above, the redundancy having a high 
reliability in the power supply system can be as- 
sembled with a low cost and a small equipment 
capacity. 

Fig. 12 is a view showing a construction m 
which a power supply system is assembled in a 
magnetic disk apparatus of another embodiment 
according to the present invention. In this figure, a 
concrete arrangement comprises the common bus 
Bu3, the magnetic disk apparatus and the AC/DC 
converter. 

The power supply units PSi-PSk are consti- 
tuted by the AC/DC converter. Sp as to directly 
connect outputs of the AC/DC converter to a plus 
side common bus BU3 and a minus side common 
bus BU3g. a common bus side of the AC/DC 
converter is constituted with sockets PC11-PC21 
and a power supply unit side of the AC/DC con- 
verter is constituted with plugs PJ1 1 -PJ21 . 

The plus side common bus BUS is connected 
to common buses BU31p-BU3np through a next 
common bus BU3g. Similarly to. the minus side 
common bus BU3g is connected to common buses 
BU3g-BU3ng through a next common bus BU3ag. 

The magnetic disks DU11-DU1m are connect- 
ed to the common buses BU3 and BU3g through 
the sockets DC11-DC14 and the plugs DJ111- 
DJ141. This magnetic disks DUnl-DUnm are con- 
nected to the common buses BU3n and BU3ng 
through the sockets DCn1-DCn4 and the plugs 
DJn11-DJn41. 

Since two sockets and two plugs of the mag- 
netic disk are disposed in the power supply sys- 
tem, the connection is performed surely and the 
fixing is performed easily, thereby the failure in 
connection can be lessened. 

By dividing the common buses of the load side 
into such as the common buses BU31-BU3n, even 
when the trouble generates at the load side, only 
divided common bus becomes down, the other 
common buses can be in effect safely. Further, the 
arrangement comprised of the common buses, the 
sockets and the plugs is formed, accordingly it is 
possible to insert and draw out easily the power 
supply unit and the magnetic disk, and further the 
extensions of the power supply unit and the mag- 
netic disk can be performed easily. 

Fig. 13 is art example showing an arrangement 
composed of the magnetic disks, the converters 
and the control circuits for the magnetic disks. In 



mon bus is omitted from. 

So as to directly connect the outputs of the 
power supply units PSi-PSk constituted by the 
converters to the common bus BUI. a common 

I bus side of the power supply units PSi-PSk is 
constituted with sockets PCI-PCk and a power 
supply unit side of the power supply units PSi-PSk 
is constituted with plugs PJI-PJk. The common 
bus BUI is connected to the common buses BU1 1- 

0 BUI 2 and the common buses BU21-BU22 through 
next common buses BU01-BU04. 

Further, the magnetic disks DU11-DU1m are 
connected to the common buses BU11 and BU12 
through the sockets DC11-CK;14 ... and the plugs 

15 DJ111-DJ141 ... . The control circuits CU11-CU1m 
are connected to the common buses BU21 and 
BU22 through the sockets CC21-CC24 ... and the 
plugs CP11-CP41 ... . 

Since two sockets and two plugs of the mag- 

20 netic disk and the control circuit are disposed re- 
spectively in the power supply system, the connec- 
tion is performed surely and the fixing is perfonmed 
easily, thereby the contact failure in connection can 
be lessened. 

25 By dividing the common buses of the load side 
into such as the common buses BU11 and BUI 2 
and the common buses BU21 and BU22, even 
when the trouble generates on one common bus. 
since the other common buses can be in effect 

30 safely, the power supply system does not become 
down. 

Further, the arrangement comprised of the 
common buses, the sockets and the plugs is 
formed, accordingly it is possible to insert and 
35 draw out easily the power supply unit and the 
magnetic disk, the extensions of the power supply 
unit and the magnetic disk can be performed easi- 
ly. 

f=lg. 14 is an example showing the connection 
40 composed of the plural converters, the plural mag- 
' netic disks being the loads and the common buses. 
In this example, the plural common buses are 
arranged and are made with the multiplex construc- 
tion and also by dividing the magnetic disks the 
45 common buses to be connected to the magnetic 
disks are made classified. 

First of all, the magnetic disks being the loads 
are divided into plural groups comprised of a group 

of DU11-DUlm . a group of DUil-DUim 

50 and a group of DUnl-DUnm. By providing the 
magnetic disks to every group each, the groups 
are connected to the plural common buses com- 
posed of a group of BUll-BUlg a group of 

BUil-BUIg and a group of BUnl-BUng. which 

55 are arranged as shown in figure. 

The magnetic disks DU11-DU1m are connect- 
ed to the common bus BU1 1 through diodes D1 1 1- 

r^A^i {..i^Kckr r-r%nr\4Arifi^f\ \f\ thft COmmon buS 
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B. -2 through diodes D112-Dlm2. Further, each of 
Xht. negative polarity side of the magnetic disks 
DUll-DUlm is connected to the common bus 
BUIg and can receive to the supply of the electric 
power. 

The magnetic disks DUil-DUim, ... , and Dunl- 
DUng of the other groups are connected similarly 
to the first common buses BUil-BUIg, ... , and 
BUn1-BUnm. These positive polarity side common 
buses are connected to a second common buses 
BU2 and BU4 through fuses F11-F12. ... . Fi1-Fi2, 
... , and Fn1-Fn2 and switches SW11-SW12. ... . 
SWi1-SWi2, ... , and SWn1-SWn2. 

Each of the negative polarity side of the first 

common buses BU1g BUIg, ... , and BUng is 

connected to the negative polarity side of each 
converter PS1, ... . PS2, ... , and PSk and further is 
directly connected to the second common bus 
BUS. Further, the second common buses BU2 and 
BU4 are connected to the common buses BUI and 
BU3 through the switches SWi and SW2 and the 
fuses F1 and F2. respectively. 

Each of the common buses BUI and BUS is 
connected respectively to each of the converters 

PS1 PS2. ... , and PSk through the fuses F01 1 . 

... , F0.12 and FOkl and F021 F022 

and F0k2. 

Each of the outputs of the converters is con- 
nected respectively to the diodes DPI, ... , DPi, ... , 
and DPk and further the reverse current flow is 
prevented from. Further, between the positive po- 
larity side and the negative polarity side of each of 
the first common buses, the condensers C011. 

C012 COil. C0I2 and COnI, C0n2 are 

connected, similarly to each of the second com- 
mon buses is connected to the condensers C01. 
C02. 

As stated in above, the common buses are 
constituted with the multiplex construction, for ex- 
ample, in a case that the short-circuit accident 
occurs in the first common bus BU11, the fuse F11 
is cut off this common bus BU11 becomes down. 
However, to the group of the magnetic disks DU11- 
DUl m, the other first common bus BUI 2 supplies 
to the electric power, thereby the system does 
become to stop, and further the high reliability in 
the system can be secured. 

Further, since the common buses are clas- 
sified, in a case of the repair working with the 
short-circuit of the first common bus BU11, the 
repair working is carried out by opening the switch 
SW11. When the repair working has completed, the 
fuse F11 is exchanged and after the switch SWIl 
is thrown into again, accordingly the maintenance 
in the system can be performed easily. 

When the first common bus BU11 is under the 
repairing working, in the other magnetic disk group, 
the current is supplied from the double system 



common bus, thereby even when one system of 
the common buses gets out of order, the system 
does not become down. Since the other first com- 
mon bus is constituted similarly to the above con- 
5 struction, the high reliability in the system can be 
attained. 

Further, since the second common bus is con- 
stituted also with the double system construction, 
one common bus gets out of order, the system 

10 does not become down. The condenser inserted in 
each common bus performs the stability in the 
voltage and also in a case of the short-circuit of the 
common bus the fuse melting is carried out easily, 
and the affect to the other common buses is less- 

76 en. 

Further, it has an effect in which the fluctuation 
in voltage of the insertion with a live state or the 
drawing of the magnetic disk being the load can be 
prevented from. 

20 The magnetic disk is used as the memory of 
the computer, since the length of the data for 
dealing is constituted with the multiple of 8 bits, 
accordingly it is convenient to constitute the group 
of the magnetic disk for connecting a pair of the 

25 common buses with the multiple of 8 bits. 

Further, with respect to the line of the data for 
recording since the magnetic disk is also con- 
stituted with the multiple of 8 bits, the number of 
the first common bus is constituted with the mul- 

30 tiple of 8 bits and the line of the recording data is 
made to have a different common bus direction. 

For example, the magnetic disks DU11. ... , 
DUI1, ... , and DUnI are arranged as the data line, 
even when the common buses BU11 and BU12 of 

35 one group completely get out of order, the data of 
1 bit being gotten out of order can be reproduced 
according to the parity and 7 bits. 

Further, when in a case of an increase of the 
magnetic disk, 1. ... , i and n being the line of 

40 the data are made as one set, the magnetic disk is 
increased toward the direction of 1, .... and m, and 
in response to the increase number of this mag- 
netic disk the number of the converter PS is in- 
creased. Accordingly, and a superior construction 

45 having the high reliability and the high efficiency In 
the system can be obtained. 

Fig. 15 is a view showing an embodiment of 
the provision of the pluraj common buses. In this 
figure, the common buses are formed with the 

50 multiplex construction in which two number of the 
common buses Bui. Bu2, Bu3 are used respec- 
tively. 

In the construction shown in this figure, the 
ground sides of the common buses are omitted 
55 from. However, since the common buses ere 
formed with the multiplex construction, one com- 
mon bus occurs the accident such as the wi;?- 
break. it does not dispense with to stop, the -w 
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tern, accordingly it is possible to improve the re- 
liability in the system. 

The common bus Bui 1 Is connected to the 
alternative current power supply AcS1 and each of 
the outputs of the rectifying units Rel-Re3. The 
common bus Bu12 is connected to the alternative 
current power supply AcS2 and each of the outputs 
of the rectifying units Re1-Re3, With this construc- 
tion, even one alternative current power supply 
gets out of order, the system is not become down. 

Further, the common buses Bu21 and Bu22 
are connected to the outputs of the plural rectifying 
units Re1-Re3 and the inputs of the plural convert- 
ers Conl-Cconk. The common buses Bu31 and 
Bu32 are connected to the outputs of the plural 
DC/DC converters Conl-Cconk and the plural loads 
Lol-Lom. 

With the above construction, in the common 
buses Bu31 and Bu32. the capacity and the num- 
ber of each load are expressed respectively as WL 
and m. the capacity and the number of the con- 
verter are expressed respectively as Wc and k. In 
this case, some converter gets out of order, the 
system having the high reliability against the failure 
can be obtained. 

Namely, when the allowance failure number h 
for continuing the operation is 1 , each number of 
the load and the converter is selected to consist a 
formula Wc x (k-1) ^ WL x m, and when the 
allowance failure number h is 2. each number of 
the load and the converter is selected to consist a 
formula Wc x (k-2) k WL x m. 

In other words, one or two rectifying units Re1- 
Re3 and the converters gets out of order, the 
system does become down and also one of the 
common buses occurs the failure such as the wire- 
break the system does not reach to be down, 
accordingly the system having high reliability can 
be constructed. 

Fig. 16 is a constructive view showing a power 
supply system of another embodiment according to 
the present invention, in the power supply system 
of this embodiment, a power factor improvement 
circuit is further provided In the above stated for- 
mer construction of the power supply system,. 

The outputs of the rectifying units Rel and Re2 
constituted by a diode bridge DB are connected to 
a power factor improvement circuit Pf through the 
inductances Lei and Le2. By this construction, the 
power-factor improvement circuit can be dispensed 
only one. thereby it can obtain the effects in which 
a compact and a low cost power supply system is 
manufactured. 

Further, in this figure, using the plus side com- 
mon buses Bu1, Bu2 and Bu3 and the minus side 
common buses Bulg, Bu2g and Bu3g. the cpm- 
moh buses Bu2 and Bu2g are connected to the 



plural rectifying units Rel -Re2. 

The common buses Bu2, Bu2g are connected 
to the outputs of the plural rectifying units Rel-Re2 
through the power factor improvement circuit Pf 
5 and further are connected to the inputs of the plural 
DC/DC converters Con1-C6n2. The common buses 
Bu3 and Bu3g are . connected to the outputs of the 
DC/Dc converters Con1-Con2. Accordingly, plural 
outputs 01 , 02 are supplied to the load. 
10 Herein, the construction and the operation of 

the above stated power-factor improvement circuit 
Pf will be explained. A semiconductor switch Mo3 
is constituted to make the short-circuit to the output 
of the rectifying unit Rel through the inductance 
76 Lei and further is connected to a condenser C2 
through a diode D6. The semiconductor switch 
Mo3 is controlled to form the condenser C2 having 
a predetermined terminal voltage Vc2. 

With the above operation, in proportional to the 
20 difference in voltage between the output voltage 
Vdb of the full-wave rectification diode bridge and 
the terminal voltage Vc2 of the condenser C2. 
thereby a ratio of the on/off (duty) is controlled. 
During the terminal voltage Vc2 of the con- 
25 denser C2 is lower than the output voltage Vdb of 
the full-wave rectification diode bridge, the on/off 
ratio becomes large, and by the large energy accu- 
mulated in the inductance Lei it works to flow the 
current to the condenser 02. 
30 Further, the terminal voltage Vc2 of the con- 

• denser C2 becomes larger than the output voltage 
Vdb of the full-wave rectification diode bridge, the 
on/off ratio becomes small, and by the small en- 
ergy accumulated in the inductance Lei the current 
35 charged in the condenser C2 is prevented from 
enlarging excessively. 

With the above stated operation, the current 
flowing from the alternative . current is prevented 
from making in pulse form and the power factor at 
40 the alternative current side can approximate to 1 . 

Besides, the DC/DC converter Coni shown In 
this figure is given the voltage of the condenser C2 
as the input through the common bus Bu2. This 
DC/DC converter Con1 is a double f onward type 
45 converter, at the primary side thereof two MOS 
transistors Mol and Mo2 and the transformer TR 
are connected in series. Further, the diodes D4 and 
D5 are connected by crossing each of the transis- 
tors M01 and M02 and the transformer TR as 
50 shown in figure. The secondary side of the DC/DC 
converter Com is constituted by the diodes D1 and 
D2, the inductance LI and the condenser CI. 

Herein, according to the control circuit CCI the 
ratio of the on/off (duty) of the transistors Mol and 
55 Mo2 is controlled by feed-backing the voltage of 
the condenser C1 and the load current detected 
. .through the current sensor Cs1. The diode DPI 
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other converter during the parallel operation of the 
converter Con2 and the control line CL is a control 
signal for parallel operation of the converter and 
this signal indicates a standard signal for the cur- 
rent control. 

Fig. 17 is a constnjctive view showing a further 
embodiment of a power supply system according 
to the present invention. The portion different from 
the construction shown in Fig. 16 is that two alter- 
native current inputs are processed according to 
one power factor improvement circuit 

Each of the alternative current supplies AcSI 
and AcS2 ia connected to MOS transistor Mo3 
during the "on" condition through the rectifying 
units Rel and Re2 and the inductance Le1. Further 
during the "off condition of the MOS transistor 
Mo3, the energy accumulated in the inductances 
Lei and Le2 is connected to charge the condenser 
CI through a diode D6. 

In the power factor improvement operation 
similarly to the above, the duty being the on/off 
ratio of the MOS transistor Mo3 is controlled at 
constant the voltage of the condenser CI according 
to the control circuit CC. When the voltage of the 
condenser 01 becomes higher, the duty Is made 
small and the increase in the current for flowing 
into the condenser CI is suppressed. 

With the above stated way, when the voltage in 
the rectifying unit is high, the current is operated to 
suppress, besides the voltage in the rectlfyirig por- 
tion is low, the cun'ent is operate to flow. Accord- 
ingly, the pulse-like current flown from the alter- 
native current supply is suppressed and approxi- 
mates the sign wave as same to the voltage, there- 
by the high power factor having a small higher 
frequency in the system can be obtained. 

Further, since this function operates similarly to 
the both inductances Le1 and Le2, with respect to 
the respective alternative current supply the input 
current can be made to approximate the sign-wave. 
Also, the power factor improvement circuit can be 
dispensed only one, so that a compact power sup- 
ply system can be obtained. 

Fig. 18 is a constructive view showing a further 
embodiment of a power supply system according 
to the present invention. The portion different from 
the construction shown in Fig. 17 is that by omit- 
ting the element for the power factor improvement 
and using two switching elements for used in the 
double fonward type converter, thereby the power- 
factor Improvement can be attained. 

The DC/DC converter Con is the double for- 
ward type converter as shown in figure. Two MOS 
transistors Mol and Mo2 are connected to the 
transformer TR in series, and the diodes D4 and 
D5 are connected to cross with each ot the transis- 
tors Mol and Mo2 and the transformer TR as 
shown in figure. 



The outputs of the alternative current supplies 
AcSI and AcS2 are connected to make the short- 
circuit to the switching element Mo1 through the 
rectifying units Rel and Re2 and the inductances 

5 Lei and Le2. Further, the control circuit CC for 
controlling the switching element Mol, not shown 
in figure, controls the output voltage of the con- 
verter and also controls to the voltage of the con- 
denser Cl at constant. In this construction, the 

10 switching element Mol and the diode D4 operate 
to serve both the operation for the converter and 
the operation for the power factor improvement. 

In this circuit, when the switching elements 
Mol and Mo2 are controlled under a certain con- 

75 dition, both the converter operation and the power 
factor improvement can be attained at the same 
time. The above condition is that the control of the 
converter is performed by the switching elements 
Mol and Mo2 and the power factor improvement is 

20 performed by the switching element Mol . 

The power factor improvement operation is 
performed by making longer the "on" period of the 
switching element Mol than the "on" period of the 
switching element Mo2. The operation is that ac- 

25 cording to the difference in the "on" period the 
inductances Lei and Le2 are made the short-circuit 
and the energy is accumulated and further during 
the "off" period of the switching element Mol the 
accumulated energy is accumulated in the con- 

30 denser CI through the diode D4. 

So as to carry out the above, the control circuit 
CC controls the difference between the "on" 
periods in the switching elements Mol and Mo2 so 
as to make the voltage of the condenser Cl at 

36 constant. When the voltage of the condenser Cl 
becomes high, the above difference in the "on" 
periods is made small, thereby the increase in the 
current for flowing into the condenser Cl is sup- 
pressed. 

40 By the above stated operation, when the volt- 

age of the rectifying unit is high, the current is 
suppressed, besides when the voltage of the rec- 
tifying unit is low, the current is operated to flow. 
Accordingly, the pulse-like current flown from 

45 the alternative current supply is suppressed and 
approximates the sign wave as same to the volt- 
age, thereby the high power factor having a small 
high frequency in the system can be obtained. 
Further, since this function is operated similarly to 

50 the both inductances Lei and Le2. with respect to 
the respective alternative current supply the input 
current can be made to approximate to the sign 
wave. 

Rg. 19 shows an example showing an applrca- 
65 tion of the power supply system according to the 
present inventior> to a motor for driving an electric 
car. In the electric car, the electric power is sup- 
olied to an inverter from a batterv and arrrvrlinn tn 
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DC/AC converting the DC/AC the direct current of 
the alternative current by this inverter the alter- 
native current output is obtained and the motor Is 
driven by this obtained alternative current output. 

In this example, so as to improve the reliability 
in the apparatus, a common bus is connected 
between plural batteries Bt1 and Bt2 and plural 
inverters In1-lnk. Thereby, when one of the bat- 
teries becomes down, the electric power is sup- 
plied from another battery, so that the system does 
not be down. Further, the common buses Bu31 and 
Bu32 are connected to between the plural inverters 
Inl-Ink and the plural motors Mt1 and Mt2. 

With the above construction, in the common 
buses Bu31 and Bu32, the capacity and the num- 
ber of each load are expressed respectively as 
Wm and m. the capacity and the number of the 
inverter are expressed respectively as Wc and k. 
So as to partially charge all loads by all inverters, it 
can select to consist a fomula Wp x k = Wm x m. 

However, one Inverter gets out of order, when 
the allowance failure number h for continuing the 
operation of the system is 1. it can select to consist 
a formula Wp x (k-1) ^ Wf x m. Further, when the 
allowance failure number h is 2, it can select to 
consist a formula Wp x (k-2) ^ Wf x m. 

Further, in the common bus Bu2, the capacity 
and the number of the battery are expressed re- 
spectively by Wb and a, similarly to the relation- 
ship between the battery and the inverter, when the 
allowance failure number h is 1. it can be attained 
by selection so as to consist a formula Wb x (a-1) 
^ Wf X m. 

By the above selections, even when one in- 
verter gets out of order, since the- motor is supplied 
the electric power from another inverter, the sys- 
tem does not become down and can operate nor- 
mally, accordingly the system having high reliabil- 
ity can be obtained. 

Herein, since the ground side of the common 
bus is omitted from, by making the multiplex con- 
struction for the common buses Bu31 and Bu32, 
even when the failure such as the wire-break is 
occurred in one common bus. the system is dis- 
pensed with not to stop, accordingly it is possible 
to improve the high reliability in the system. 

Fig. 20 is an example showing an application of 
the power supply system according to the present 
invention to a computer. The . direct current voltage 
which is the outputs of the alternative current sup- 
plies AcSl and Acs2 is supplied to the common 
bus Bu21 through the rectifying units Rel sand 
Re2. The common bus Bu21 is connected to the 
converters Conl-Conk. The outputs of the convert- 
ers Com -Conk are connected to the loads Lcl-Lcn 
through the common buses Bu31 and Bu32. The 
converters Conl-Conk are conriected by the con- 



carried out. 

With the above stated construction, from the 
alternative current supply to the loads the multiplex 
construction is formed by a minimum construction. 
5 thereby the power supply system having the sim- 
ple construction and the high reliability can be 
obtained. 

Fig. 21 is an example showing a further im- 
provement of the reliability for the power supply 
10 system shown in Fig. 20. In the power supply 
system construction shown in Fig. 21, the battery 
Btl is connected to the common bus Bu21 having 
the direct voltage. With this construction, even 
when the alternative current power supply gets out 
75 of order, it can continue to operate by the battery. 
. thereby the power supply system having the high 
reliability can be obtained. 

As stated in above, according to the present 
invention, each of the current values of the plural 
20 converters is detected, the maximum current con- ^ 
trol system is carried out. in this maximum current 
control the current value of each converter is 
rnatched to the maximum current among the de- 
tected current values. 
25 Even when the converter during the parallel 
operation, such a converter having the output cur- 
rent value of zero by the failure is included, then 
the remaining converters can be partially charged 
to the load. 

30 Further, the common bus is arranged between 

the plural converters and the plural loads, and by 
making a certain relationship between the convert- 
ers and the loads the redundant operation having 
the high reliability in the power supply system can 

35 be attained. Further, the plural alternative current 
inputs having the redundant in the power supply 
system can be controlled by only one power factor 
improvement circuit construction. 

40 Claims 

1. In a power supply system having plural con- 
verters selected one from plural AC/DC. con- 
verters for converting, the alternative current to 
45 the direct current having a predetermined volt- 
age and plural DC/DC converters for convert- 
ing the direct current to the direct current 
having a predetermined vohage, outputs of 
said selected converters are connected in par- 
se allel and the electric power is supplied to a 
load, wherein 

the power supply system comprises: 
a current value detection means for detect- 
ing output current values of said selected con- 

55 verters; 

a maximum current value detection means 
' for detecting a maximum output current value 
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said selected converters obtained through said 
current value detection means; and 

a control means for controlling said se- 
lected converters so as to match said detected 
output current values of said selected convert- s 
ers to said maximum output current value. 

A power supply system according to claim 1 , 
wherein 

the power supply system .comprises fur- io 
ther. 

a voltage value control means for detecting 
output voltage values of said selected convert- 
ers and for controlling said output voltage val- 
ues of said selected converters to have pre- is 
determined values of said detected output volt- 
age values of said selected converters. 

A power supply system according to claim 2, 
wherein 20 

said voltage value control means com- 
prises a comparison means for comparing said , 
detected maximum output current value of said 
selected converters with said output current 
values of said selected converters, and each of 25 
said output voltage values of said selected 
converters is controlled so as to lessen a dif- 
ference part between said maximum output 
current value of said selected converter and 
said detected output cun-ent value of said se- so 
lected converter. 

A power supply system according to claim 3, 
wherein 

said selected converter is constituted by 35 
using a transformer so as to convert the alter- 
native current to the direct current having a 
predetermined voltage or to convert the direct 
current to the direct current having a predeter- 
mined voltage, ^ 

the power supply system comprises fur- 
ther, 

a cunrent value detection means for detect- 
ing a current value flowing in a secondary coll 
of said transformer; 45' 

a respective current value detection circuit 
for detecting a direct current output current 
value of said respective selected converter; 

a maximum current value detection circuit 
for comparing current values from said respec- so 
tive current value detection means of said re- 
spective selected converter and for detecting a 
maximum current value among said compared 
current values; and 

an addition means for adding a difference ss 
part between said maximum current value of 
said respective selected converter and said 
output current value of said respective select- 



ed converter to said voltage control means. 

5. A power supply system, wherein 

an alternative current power supply is con- 
nected to a first common bus; 

by obtaining an alternative current input 
from said first common bus plural rectifying 
means for converting the alternative current to 
the direct current are arranged; 

direct current outputs of said rectifying 
means are connected to a second common 
bus; 

by obtaining a direct current input from 
said second common bus plural DC/DC con- 
verters for converting the alternative current to 
the direct current having a predetermined volt- 
age are arranged; 

direct current outputs of said plural DC/DC 
converters are connected to a third common 
bus; and 

through said third common t)us said direct 
current outputs of said plural DC/DC convert- 
ers are supplied to plural loads. 

6. in a power supply system in which outputs 
from plural converters are connected in parallel 
and said outputs are supplied to a load. 

the power supply system, wherein 
when an allowance failure number of said 
converter is expressed by h, and a number of 
said converters being connected in parallel Is 
expressed by k. a fonnula is selected so as to 
satisfy a relationship (2 + 2h) ^ k ^ (8 + 2h). 

7. In a power supply system having plural con- 
verters for supplying the direct current electric 
power to plural loads such as a magnetic disk 
apparatus and a control circuit etc., 

the power supply system, wherein 
said plural loads are divided into plural 
groups; 

a first common bus supplies the electric 
power to a first group of said plural loads; 

a first cluster is comprised of said first 
common bus; 

a second cluster are connected to said 
first cluster in plural; 

a second common bus supplies commonly 
the electric power to said second cluster; 

said plural converters are connected to 
said second common bus; and 

through said classified first and second 
common busses the electric power is given 
and supplied. 

8. In a power supply system according to claim 
7, wherein 

the power supply system comprises fur- 



31 



EP 0 660 487 A2 



32 



ther. 

a third cluster for supplying the electric 
power to said second common bus and said 
second cluster Is provided; by providing com- 
mon busses classified x degree (x Is an integer 
number) said, plural converters are connected 
the highest classified degree common bus; 
and 

the electric power is given or supplied. 



14. In a power supply system according to claim 
7, wherein 

the power supply system comprises fur- 
■ ther. 

5 by connecting 8 x x (x : Integer number) 

number magnetic disk apparatuses to said first 
common bus, the electric power is given and 
supplied. 

15. In a power supply system according to claim 
7, wherein 

the power supply system comprises fur- 
ther, 

8 X X (x : integer number) number first 
cluster are arranged. 

16. In a power supply system according to claim 
7, wherein 

the power supply system comprises fur- 
ther, 

relating to a bit direction of a data being 
recorded on said magnetic disk apparatus, a 
first bit is recorded on a first cluster, a second 
bit is recorded on a second cluster, and n 
number bit is recorded on n number cluster. 

17. A power supply system comprises, 
a load group having plural loads; 
a converter group having plural DC/DC 

converters; 

plural rectifying units; and 
plural alternative current power supplies; ^ 
the power supply system, wherein 
by connecting through at least one com- 
mon bus, between said load group and said 
converter group, between said plural convert- 
ers and said rectifying units, and between said 
rectifying units and said plural alternative pow- 
er supplies, the electric power is given and. 
supplied. 

18. A power supply system, wherein 
one power factor improvement circuit rec- 
tifies outputs from plural alternative current 
power supplies through each of rectifying 

means; 

relating to each of said rectified outputs, 
through each of inductances, in said one pow- 
er factor improvement circuit, a power factor of 
each of said alternative current power supplies 
is improved by a switching operation at a high- 
er frequency than that of said alternative cur- 
rent power supply through a switching ele- 
ment; and 

said rectified outputs are supplied to plural 
converters as the electric power through a 
common bus. ^ ' • . 



70 

9. In a power supply system according to claim 
7, wherein 

the power supply system comprises fur- 
ther, 

a ground side of each of said first common 75 
bus and said second common bus is formed 
one each; 

plural non-ground sides of each of said 
first common bus and said second common 
bus are connected in parallel; and 20 

through said plural classified common bus- 
ses the electric power is given and supplied. 

10. In a power supply system according to claim 
7, wherein 25 

the power supply system comprises fur- 
ther. 

at an anti-ground side of each of said first 
common bus and said second common bus a 
fuse is provided; and , 

a capacity of said fuse of said first com- 
mon bus is smaller than a capacity of said fuse 
of said second common bus. 

11. In a power supply system according to claim 35 
7. wherein 

the power supply system comprises fur- 
ther. 

at a non-ground side of each of said first 
common bus and said second common bus a 40 
switching means for cutting off a supply of the 
electric power is provided. 

12. In a power supply system according to claim 
7. wherein ^5 

the power supply system comprises fur- 
ther. 

a condenser is connected between a 
ground, side and an anti-ground side of each of 
said first common bus and said second com- 50 
mon bus. 

13. In a power supply system according to claim 
7, wherein 

the power supply system comprises fur- ss 
ther, 

said first corrimon bus and said rtiagnetic ' ' 
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19. In a power supply system according to claim 
18, wherein 

by controlling an "on/off " ratio (conductive 
ratio) of said switching element, a terminal 
voltage of a smoothing condenser which is s 
provided at an output side of said power-factor 
improvement circuit is made at a substantially 
constant. 

20. In a power supply system according to claim to 
18. wherein 

said power factor improvement circuit rec- 
tifies said outputs from plural alternative cur- 
rent supplies having the different frequency 
and the different phase through each of rectify- ts 
ing means; 

plural outputs of said plural alternative cur- 
rent power supplies are connected through 
each of said inductances; 

by changing a conductive ratio between a 20 
first switching element and a second switching 
element of a double forward type DC/DC con- 
verter which switches at the higher frequency 
than that of said alternative current power sup- 
plies, the power factor of each of said alter- 25 
native current power supplies is improved in 
said power factor Improvement circuit. 

21. A power supply system for use in an electric 
car, wherein 

the power supply system comprises: 

a motor group having plural motors for 
driving driving wheels of the electric car; 

a converter group having plural converters 
defined in claim 1 ; and 35 

plural battery power supplies; wherein 

said motor group and said converter group 
are connected through plural common buses; 

said plural converters and plural direct cur- 
rent power supplies are connected through at 40 
least one common bus; and 

the electric power is given and supplied. 

22. A power supply system for use in a computer, 
wherein ^ 

the power supply system comprises: 

plural computer groups constituting a com- 
puter system; 

a converter group defined in claim 2 for 
supplying the electric power to said plural so 
computer groups; 

plural rectifying units; and 

plural alternative current power supplies; 
wherein 

said plural computer groups and said con- 55 
verter group are connected through plural 
common buses; 



tifying units are connected through at least one 
common bus; and . 

the electric power is given and supplied. 
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® A power supply system comprises plural con- 
verters being connected in parallel. Each of the 
current of plural converters is detected and each of 
the converters is controlled so as to match each of 
the converters to a maximum current value from 
among the detected current values. In the parallel 
operation converters, when some converter having 
an output current of zero by an accident is included, 
the remaining converters be partially charged equal- 
ly a load current. Since a common bus is arranged 
between plural converters and plural loads, it is 
possible to carry out a redundant operation having a 
high reliability. Since a stable output can be obtained 
withniit affects bv the fault converter, the power. 
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